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ROLLER SCREW 

Technical Field 

The present invention relates to a roller screw in which rollers are 
disposed to be capable of carrying out a rolling motion between a screw shaft 
and a nut member. 
Bacl^round Technology 

Hiere is known a ball screw in which balls are disposed to be movable 
between the screw shaft and the nut member. The balls are disposed 
between a spiral ball rolling groove formed to an outer peripheral surface of 
the screw shaft and a spiral loaded ball rolling groove formed to an inner 
peripheral surface of the nut member. When the screw shaft is rotated 
relative to the nut member, a number of balls roll on the ball rolling groove of 
the screw shaft and the loaded ball rolling groove of the nut member. 

In the use of the ball screw, since a friction coefficient at the time of 
rotation of the screw shaft with respect to the nut member can be reduced, 
the ball screw is commercially utilized for a positioning mechanism of a 
machine tool, a feed mechanism, a steering gear of an automobile and so on. 
However, in such arrangement, the balls contact substantially at point 
contact to the ball rolling groove of the screw shaft surrounding the balls and 
the loaded ball rolling groove of the nut member surrounding the balls, so 
that an allowable load to be applied to the ball screw cannot be made large, 
thus being defective and inconvenient 

A roller screw using rollers instead of balls for making large the 
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allowable load is disclosed, for example, in Patent Publications 1 and 2. 

Patent Publication 1: Japanese Patent Laid-open Publication HEX 
11-210858 

Patent Publication 1: Japanese Utility Model Laid-open Publication HEX 
6-87764 

Disclosure of TTie Invention 

Problems to be solved by The Invention 

The roUer screw is often used under a large loaded condition. Rigidity 
is hence an essential performance required for the roller screw. In a case where 
a space, i.e. play or backlash, exists between the roller and the roller rolling 
groove, or the rigidity is not suf&cient between them even if such play does not 
exist, a working point of a machine, to which the roller screw is assembled, will 
be displaced and, hence, precise working cannot be done. In addition, at a 
time when the roUer moves fast and rapidly stops, the machine will be vibrated 
and much time will be required to become stationaiy . 

In the filed of a roller bearing, a technology for imparting a preload is 
weU known for improving the rigidity. The roller screws using the rollers as 
rolHng members are proposed as, for example, disclosed in the Patent 
Publications 1 and 2, but have not been manufactured as products, and a 
technology for imparting the preload to the roller screw has not been 
developed. 

Then, an object of the present invention is to provide a roller screw 
capable of imparting a preload appropriately in accordance with the structure 
of the roller screw. 
Means for solving The I^blem 

Hereunder, the present invention will be described. FXxrther, in the 
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following, reference nijmerals on the accx>mpanying drawings are added with 
parenthesis for the easy understanding of the present invention, but the 
present invention is not limited to an embodiment shown in the drawings. 

The invention of claim 1 for solving the above problem is a roller screw 
comprising: a screw shaft (1) formed, on an outer peripheral surface thereof, 
with a spiral roller rolling groove (la) having a V-shape in section; a nut 
member (2) formed, on an inner peripheral surface thereof, with a spiral loaded 
roller rolling groove (2a) having a V-shape in section opposing to the V-shaped 
roller rolling groove (la) of the screw shaft (1); and a niomber of rollers (6) 
disposed between the roller rolling groove (la) and the loaded roller rolling 
groove (2a), wherein a number of rollers (6) include a roller group (a group) 
bearing the load ((1)) in axial one direction of the screw shaft (1) and a roller 
group ( i3 group) arranged in cross shape to be perpendicular to the axis of the 
a group roller in a roller advancing direction and adapted to bear the load ((2)) 
in an direction opposing to the axial one direction of the screw shaft (1), and 
each of the n\imber of rollers (6) has a diameter (D) larger than a distance 
between a wall surface of the roller rolling groove (la) and a wall surface of the 
loaded roller rolling groove (2a) which opposes to the above-mentioned wall 
sixrface. 

The invention of claim 2 is a roller screw comprising: a screw shaft (1) 
formed, on an outer peripheral siarface thereof, with a spiral roller rolling 
groove (la) having a V-shape in section; a nut member (2) formed, on an inner 
peripheral surface thereof, with a spiral loaded roller roUing groove (2a) having 
a V-shape in section opposing to the V-shaped roller rolling groove (la) of the 
screw shaft (1); and a number of rollers (6) disposed between the roller rolling 
groove (la) and the loaded roller rolling groove (2a), wherein the loaded roller 
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rolling groove (2a) of the nut member (2) includes a central groove section (22) 
having a pitch larger than a pitch (PI) of the screw shaft (1) and a pair of end 
groove sections (23, 24) disposed on both sides of the central groove section 
and having a pitch equal to the pitch (PI) of the screw shaft 

The invention of claim 3 is a roller screw comprising: a screw shaft (1) 
formed, on an outer peripheral surEace thereof, with a spiral roller rolling 
groove (la) having a V-shapje in section; a nut member (2) formed, on an irmer 
peripheral surface thereof, with a spiral loaded roller rolling groove (2a) having 
a V-shape in section opposing to the V-shaped roller rolling groove (la) of the 
screw shaft (1); and a mamber of rollers (6) disposed between the roller rolling 
groove (la) and the loaded roller rolling groove (2a), wherein the nut member 
(2) is divided in an axial direction into a first nut piece (12) and a second nut 
piece (12), and a shim (13) is disposed between the first and second nut pieces 
so as to apply compression loads to the rollers for the first nut piece (12) 
disposed in the first nut piece and to the rollers for the second nut piece (12) 
disposed in the second nut piece. 

Effects of TTie Invention 

According to the invention of claim 1, by appfying the preload, both the 
a and )S group rollers are loaded, so that twice number of rollers are loaded. 
Accordingly, the rollers existing inside the nut member is effectively utilized 
against the external force acted, and the load can be distributed to the rollers 
to which load is essentially not applied, thus improving the rigidity. On the 
contrary, if rollers each having a diameter smaller than a distance (prescribed 
dimension) between the wall surface of the roller rolling groove and the wall 
surface of the loaded roller rolling groove are used, only one of tiie a and 
group rollers is loaded in the axial direction. Thus, only the half number of 
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rollers is loaded. 

According to the invention of claim 2, there is provided the roller screw 
having a increased rigidity by applying the preload. 

According to the invention of claim 3, there is provided the roUer screw 
having a increased rigidity by applying the preload. 
Brief Description of The Drawings: 

[FIG. 1] FIG. 1 is a sectional view showing a roller screw according to a 
jSrst embodiment of the present invention. 

[FIG. 2] FIG. 2 is a side view showing a screw shaft 
[FIG. 3] FIG. 3 is a detailed sectional view showing a roUer rolling 
groove and a loaded roller rolling groove. 

[FIG. 4] FIG. 4 is a graph representing a relationship in displacement 
caused by a charged load and a pre-load. 

[FIG. 5] FIG. 5 is a view showing a return pipe. 

[FIG. 6] FIG. 6 is a view showing a spacer disposed between the rollers. 

[FIG. 7] FIG. 7 is a sectional view showing a roller screw according to a 
second embodiment of the present invention. 

[FIG. 8] FIG. 8 is a plan view of a nut member according to a third 
embodiment of the present invention. 

[FIG. 9] FIG. 9 is an enlai^ed view of a roUer screw according to the 
third embodiment. 

E^lanation of Reference Numerals 

1 — screw shaft, la — roller roUing groove, 2 — nut member, 2a — 
loaded roller rolling groove, 6 — roller, 22 — central groove, 23, 24 — end 
groove, 12, 12 — divided nut (first nut member, second nut member), 13 — 
shim. 
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Best Mode for embodying The Invention 

FIG. 1 shows a roller screw according to one embodiment of the 
present invention. The roUer screw includes a screw shaft 1 formed, in its 
outer peripheral siorface, with a roller rolling groove la in form of spiral and a 
nut member 2 formed, in its inner peripheral surface, with a loaded roller 
rolling groove, in form of spiral, and assembled with the screw shaft 1 to be 
relatively rotatable. The nut member 2 is provided with a return pipe 4 as a 
circulation member connecting one and the other ends of a loaded roUer 
rolling groove 3 between the roller rolling groove la of the screw shaft 1 and 
the loaded roUer rolling groove 2a of the nut member 2. Inside the retum 
pipe 4, there is formed a roller return passage 5, having a rectangular 
section such as square shape in this embodiment, along the axial direction 
of the retum pipe. 

A number of rollers 6 are accommodated and arranged in the loaded 
roller rolling passage 3 formed by the roUer rolling groove la of the screw 
shaft 1 and the loaded roUer rolling groove 2a of the nut member 2 and in 
the roller returning passage 5 formed inside the retum pipe 4. According to 
the relative rotation of the screw shaft 1 with respect to the nut member 2, 
the nut member 2 moves linearly relative to the screw shaft 1 in the axial 
direction thereof. In this moment, the roller 6 rolls between the roUer rolling 
groove la and the loaded roUer rolling groove 2a. The roller rolling to one end 
of the loaded roller rolling groove 2a, is guided to the roller returning passage 
5 in the retum pipe 4 and then returned to the other end of the loaded roller 
rolling groove 2a on the succeeding several tums of spiral. The rollers 6 are 
thereby circulate in the roller circulation passage constituted by the loaded 
roller rolling passage 3 and the roller returning passage 5. 
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FIG. 2 shows the screw shaft 1. The spiral roller rolling groove having a 
predetermined lead is formed in the outer peripheral siorface of the screw 
shaft 1. The roller rolling groove la has a V-shaped section with an opening 
angje of 90 degrees. As a screw, a single threaded screw, double threaded 
screw, triple threaded screw or other various type screws may be utilized, 
and in this embodiment, double threaded screw is utilized. 

FIG. 3 shows a detailed view of the roller rolling groove la of the screw 
shaft 1 and the loaded roUer rolling groove 2a of the nut member 2. The nut 
member 2 is formed with the spiral loaded roller rolling groove 2a opposing 
to the roller rolling groove la. The loaded roller rolling groove 2a also has a 
V-shaped section with an opening angle of 90 degrees. A pitch of the roller 
rolling groove la of the screw shaft 1 and a pitch of the loaded roller rolling 
groove 2a of the nut member are constant and equal to each other along the 
entire lengths of the grooves. The loaded roUer rolling passage 3, having a 
rectangular section, such as square section in this embodiment, is formed 
by the roller rolling groove la and the loaded roller rolling groove 2a. In the 
loaded roller rolling passage 3, a number of rollers 6 are arranged in form of 
cross-shape so that rotation axes 7 and 8 of the adjacent roUers 6 are 
perpendicular to each other as viewed along the loaded roller rolling passage 
3. 

In the ball screw, the balls bear the loads in one direction in the axial 
direction of the screw shaft and another direction opposing to that one 
direction. On the other hand, the rollers bear the load by compressing its 
peripheral surface between one wall surface of the roller rolling groove la 
and one wall surface of the loaded roller rolling groove 2a opposing to the 
wall surface of the roller rolling groove, so that the load only in one direction 
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of the axial directions of tiie screw shaft 1 is bom. By arranging the rollers 6 
in form of cross-shape as in the present embodiment, the rollers 6 can bear 
the loads in one (1) and another (2) directions in the axial directions of the 
screw shaft 1. The rollers 6 bearing the load in one direction (1) in the axial 
direction of the screw shaft 1 are called a group rollers and, on the other 
hand, the rollers 6 bearing the load in the other direction (2) are called ^ 
group rollers. In order to keep good balance in the reciprocal movement, it 
is preferred that the numbers of the rollers in the a group and the jS group 
are equal to each other. 

Further, although in the described embodiment, the a group and 
group rollers are arranged alternately asa, jS, a, jS, a, jS, — , they may 
be arranged as roller groups of a, a, a, — jS, i3, i3, — , or a, a, i3, jS, 
CK, a, i3, J3, . 

The roller 6 has a diameter D longer than a length L thereof in the axial 
direction. There is used a roller 6 having a diameter D larger, so-called 
over-size, than a distance between a waU surface 9 of the roller rolling groove 
la and a wall surface 10 of the loaded roller rolling groove 2a opposing to the 
wall surface 9. Because of this reason, the roUer is elastically deformed in the 
loaded roller rolling passage 3, and a load corresponding to this deformation 
exists inside the nut member 2 as preload. Since the rollers 6 are arranged 
in cross-shape in the loaded roller rolling passage 3, the loads applied to the 
nut member 2 from the rollers 6 act in repulsing directions to each other for 
the adjacent rollers 6, 6. In an initial stage, a preload A is applied to the 
respective roEers 6, and the loads are balanced in the vertical and horizontal 
directions. Supposing that an axial load P is applied to the nut member 2 
from this state, and then, the nut member 2 is displaced in the axial 
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direction by an amount 5 . In such case, the load of each of the rollers 6 of 
the a group is increased by the load B and becomes A + B, and on the other 
hand, the load of each of the rollers 6 of the jS group is reduced by a load C 
and becomes A - C. 

FIG. 4 shows this relationship further in detail. Since the over-sized 
rollers 6 are inserted so as to apply the preload, the a group rollers 6 are 
elastically displaced by 5 1 and the group rollers 6 are elastically 
displaced by 6 2, and a load caused at that time corresponds to the preload 
A. When the axial load P is then applied thereto to thereby cause the axial 
displacement of S , the displacement increases along the elastic 
displacement diagram in the a group rollers 6, and on the other hand, the 
displacement decreases along the elastic displacement diagram in the 0 
group rollers 6. Thus, the load A + B is applied to the a group rollers and 
the load A - C is applied to the jS group rollers. Accordingjy, the load P is 
divided into the loads B and C, which act to the a group rollers and the 0 
group rollers with the directions being changed. Kven if this state be 
changed, the inner load shoiald not be changed, so that this matter is 
expressed simply as follows. 

(A + B)-(A-C)-P = 0 

/. B + C = P 

The reason why the rigidity increases by applying the preload resides in 
the increasing of the number of rollers receiving the load, and hence, the 
reduction of the load to be applied to each roller. In a use of a roller having a 
diameter smaller than a prescribed diameter and applied with no preload, 
only one of the a group rollers and the jS group rollers receives the load. 
However, by applyiag the preload, both the a group rollers and the ^3 
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group rollers receive the load, so that the niomber of the rollers to which the 
load is applied is made twice. According to this reason, it becomes possible 
to effectively use the rollers 6 existing in the nut member 2 with respect to 
the acting extemal force and to distribute the load so that the roUers which 
essentially do not receive the load become to receive the load. 

As shown in FIG. 3, escape grooves lb and 2b are further formed to 
the bottom portions of the roller rolling groove la of the screw shaft 1 and 
the loaded roUer rolling grooves 2a along these grooves. To the intersection 
portions between the upper siorface and peripheral surface of the roller 6 
and between the bottom siorface and peripheral surface thereof, there are 
formed round portions 6a. Since the dimension L of the roUer 6 in the axial 
direction is smaller than the diameter D of the roller 6, there may cause a 
case that the roller 6 is displaced dioring its roUir^ motion and the round 
portions 6a of the roller 6 contact the escape groove lb and 2b. By apptying 
the pre-load to the roller 6, this displacement will easily be caused. Radius of 
a round portion of the escape groove lb (2b) is set to be larger than radius of 
the round portion of the roller so as not to disturb the rotation of the roller 
by a resistance caused at the time of the displacement In addition, by 
forming the escape grooves lb and 2b, it is not necessary to cut the sharp 
front end of the V-groove, so that the workability in the cutting operation can 
be also improved. 

FIG. 5 shows the return pipe 4 to be mounted to the nut member 2. A 
plurality of return pipes 4 are arranged to the nut member 2 of the number 
corresponding to the number of the rows of rollers circulating in the return 
pipes 4. The retum pipes 4 serve to connect one and anotiier ends of the 
loaded roller rolling passage 3 so as to return the roller 6 rolling to the one 
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end of the loaded roller rolling passage 3 to the other end of the loaded roller 
rolling passage 3 positioned on the succeeding several turns in spiral. Inside 
the return pipe 4, the roller return passage 5 having square section is 
formed along the axial direction thereof. Each of the return pipes 4 has a 
linearly extending central portion 14 and a pair of end portions 15 formed by- 
bending both sides of the central portion 14 by about 90 degrees so as to 
provide a gate shape as an entire structure. Each end portion 15 has a 
circular-arc portion 15a having a constant curvature of radius and a linear 
front end portion 15b extending from the circular-arc portion 15a. As shown 
in FIG, 5(a), the paired end portions 15b are inclined each other in opposing 
directions in the lead angle direction as viewed fhDm the side of the screw 
shaft 1. Further, as shown in FIG. 5(c), as viewed fix)m the axial direction of 
the screw shaft 1, the &x>nt end portion 15b is directed to the tangential 
direction of the loaded rolling passage. Further, in a state that the return 
pipes 4 are moionted to the nut member 2 and the central portions 14 of the 
return pipes 4 are positioned in the horizontal direction, the front end 28 of 
each return pipe 4 extends toward a horizontal surface 17 including the axis 
of the screw shaft 1. 

In comparison with a circular roller rolling passage as in a cross roUer 
ring, ia the spiral loaded roUer rolling passage 3, in order to smoothly 
circulate the rollers, the attitude of the roller is extremely important at the 
time when the roller 6 is guided inside the return pipe 4 from the loaded 
roller rolling passage 3 or when the roUer 6 is returned to the loaded roller 
rolling passage 3 from the inside of the return pipe 4. The roller 6 can be 
returned smoothly in the loaded roller rolling passage 3 without changing 
the attitude of the roUer 6 entering into the loaded roller rolling passage 3 
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from the return pipe 4 (that is, without inclining the axis of the roller 6, i.e. 
causing so-called a skew) by returning the roller 6 to the loaded roller rolling 
passage 3 fix)m the return pipe 4 with the attitude of the roller 6 being 
inclined by the amoiant of the lead angle. In addition, the roUer 6 can be 
smoothfy returned inside the return pipe 4 from the loaded roller rolling 
groove 3. 

In order to prevent the retum pipe 4 and a screw thread of the screw 
shaft fix)m interfering, a arch-shaped notch 18 is formed to the fixDnt end 
portion 15b along the central line of a track of the roller 6. The shape of the 
notch 18 viewed friom the direction of the axis of the screw shaft 1 provides a 
circular-arc shape. Further, inside the notch 18, in a state viewed from the 
axial direction of the screw shaft 1, a roller guide portion 19 is formed so as 
to intrude inside the screw thread. The sectional shape of the roller retum 
passage 5 at the position of the roller guide portion 19 is formed to be a 
rectangular shape, i.e. square shape in this embodiment. By fomiing the 
roller guide portion 19, a section at which the roller retum passage 5 has the 
square section is made longer in a plane perpendicular to the axis of the 
retum pipe 4. Because of this reason, a space "Ti" at which the square roller 
return passage 5 is not formed can be made smaller, and a continuity, in 
section, between the loaded roller rolling passage 3 and the roller retum 
passage 5 can be provided. 

FIG. 6 shows a spacer 31 interposed between the rollers 6. Hie spacer 
31 has both ends in which concave (recessed) portions 31a, 31a are formed 
so as to provide a curved surfoce in conformity with the outer peripheral 
surface of the adjacent rollers 6 to slidably contact the outer peripheral 
surface of the rollers 6. The curved concave portions 31a, 31a are formed so 
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that the rollers 6 can be disposed in cross arrangement, and the radius of 
ciorvature of the cvirved concave is set to be slightly larger than the radius of 
the roller 6. 

FIG. 7 represents a roUer screw according to the second embodiment of 
the present invention. The basic structures of the screw shaft 1, the nut 
member 2 and the roller 6 are substantially the same as those of the first 
embodiment, so that like reference numerals are added to these members 
and the e^q^lanations thereof are omitted herein. In this embodiment, one 
pitch P2 of the central groove 22 at the central portion of the loaded roUer 
rolling groove 2a of the nut member 2 is set to be slightly larger than the 
pitch PI of the screw shaft 1. Further, a pitch P3 of the end grooves 23, 24 
on both sides of the central groove 22 is set to be equal to the pitch PI of the 
screw shaft. 

According to the formation of the loaded roUer rolling groove 2a in the 
manner mentioned above, a preload (compression load) shown with (1) in 
FIG. 7 is applied to the roUer 6 on the side of the end groove 23, and a 
preload (compression load) shown with (2) in FIG. 7 is applied to the roller 6 
on the side of the end groove 24. By applying the preload to the roUers 6, 
rollers having higfi rigidity can be provided. 

The roUers are disposed in the cross-arrangement in which the roUer 
axes of the adjacent rollers are perpendicialar to each other. Further, 
althougih not shown, the roller 6 rolling between the roller rolling groove la of 
the screw shaft 1 and the loaded roller rolling groove 2a of the nut member 2 
is circulated by the retum pipe 4. 

FIGs. 8 and 9 represent a roUer screw according to the third 
embodiment of the present invention. FIG. 8 shows a plan view of the nut 



13 



member and FIG. 9 shows the roller screw, in an enlarged scale, to which 
the preload is applied. In this embodiment, the nut member 2 is divided or 
split into two divided or separated nut pieces 12, 12 in its axial direction, 
and a shim 13 is interposed between these two nut pieces 12, 12. The 
structures of the screw shaft 1, the divided nut pieces 12, 12 (corresponding 
to the nut member 2 of the first embodiment), the roller 6 and the return 
pipe 4 are substantially the same as those in the first embodiment, so that 
the like reference numerals are added to these members and the 
explanations thereof are omitted herein. 

The piteh of the loaded roller rolling groove 2a of each of the divided nut 
pieces 12, 12 is equal to the pitch of the roller rolling groove la of the screw 
shaft 1. By interposing the shim 13 between the divided nut pieces 12, 12, 
the distance 2P between the loaded roller rolling grooves 2a, 2a arranged on 
both the sides of the shim 13 is expressed as P2 = n x PI + a 1, in which a 
1: thickness of shim; PI: pitoh of loaded roller rolling groove la; n: optional 
integer). The pitoh PI of the loaded roller roiling groove la of the screw shaft 

1 is always constant, so that the distance P2 between the loaded roller 
rolling grooves 2a, 2a on the both sides of the shim 13 is widened by an 
amount corresponding to the thickness of the shim 13 by interposing the 
shim 13 therebetween. Accordingly, the preload (compression load) shown 
with (1) in FIG. 7 is applied to the roller 6 in one of the divided nut pieces 12, 
and on the other hand, the preload (compression load) shown with (2) in FIG. 

2 is also appKed to the roUer 6 in the other one of the divided nut pieces 12. 
By appfying the preloads to the rockers 6, a high rigidity can be applied to 
the roller screw. 

In each of the divided nut pieces 12, the plural rollers 6 are arranged so 
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that the axes of the rollers 6 are directed in the same direction as viewed 
fix>m the roller advancing direction, i.e. so-called "parallel arrangement^ . 
Further, in order to bear the preloads (1) and (2) in the opposing directions, 
the rollers 6 in one of the divided nut piece 12 are arranged so that the axes 
thereof are perpendiciilar to the axes of the rollers 6 in the other one of the 
divided nut piece 12 as viewed in the roller advancing direction. In the 
respective nut pieces 12, 12, the rollers 6 rolling between the roller rolling 
groove la of the screw shaft 1 and the loaded roller rolling groove 2a of the 
nut member 2 are circulated by the return pipe. Furthermore, in an 
altemation, the rollers 6 may be arranged in crossing form and such rollers 
6 may be circulated by the return pipe in each of the divided nut pieces 12. 

It is further to be noted that the present invention is not limited to the 
described embodiments and many other changes and modifications may be 
made without departing from the scopes of the appended claims. For 
example, although in the described embodiment, the rollers are circulated by 
the return pipe, the present invention may be applied to a roller screw of the 
type in which the retum pipe is not provided and the rollers are not 
circulated thereby. 
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